Fish farming is becoming a highly profitable economic activity and the rearing of fingerlings involves the practice of sex reversal for the production of species (male) using the hormone 17α-methyltestosterone (MT). This study analyzed the methodology for degradation of the hormone through solar and ultraviolet radiation using hydroxyapatite (HAP) as heterogeneous catalyst, synthesized by two different methods, with and without doping with nickel and copper. The results showed that MT hormone is degraded by ultraviolet or solar radiation, and accelerated in the presence of the HAP catalyst. In the presence of Fe (III) in the medium, the degradation rate of the hormone decreases. The method of HAP synthesis influences the degradation efficiency.
INTRODUCTION
The 17α-methyltestosterone (MT) is a synthetic product, a methyl derivative of testosterone (Figure 1 ), used in medicine to suppress testosterone deficiency and treat symptoms of andropause in men (Bejma et al., 2005) . It is a potent agonist of the androgen receptor (Selzsam et al., 2005) . In animals, the hormone 17α-methyltestosterone is absorbed into the circulatory system immediately after oral administration. Acute toxicity is low, but most of the adverse effects associated with its use occur immediately after administration of high doses. In humans, the first organ to present chronic toxicity is the liver (See et al., 1992) .
Feed with MT is widely used in farming to induce sex reversal, producing only males, minimizing problems related to reproductive precocity and high prolificacy in rearing conditions, avoiding the dispersion of energy for growth and reproduction, overpopulation and the consequent drop in water quality (Bombardelli et al., 2007; Ong et al., 2012) . Due to this heavy use of the hormone MT added to feed (60 mg per kilogram) in fish farms, contamination may occur in water bodies (Homklin et al., 2011) . The MT can remain in the water system or sediments in ponds of fish farms and then contaminate watercourses and groundwater. Ong et al. (2012) verified that the sorption of MT in sediment increases proportionately with increasing amounts of organic matter and increasing salinity of the water in fish farms, due to saline effect and the consequent decrease in the solubility of MT. Green et al. (2000) assessed that the average concentration of MT in water in fish farms in the USA presented 50.04 µg L -1 after the third step of feeding of fry. These authors indicated that the maximum value of MT in these tanks should be 1 µg L -1 for which there is no environmental damage to the ecosystem.
In addition to all the aforementioned effects, the hormone MT can turn into estrogen, via the process called aromatase, which is the transformation of the hormone androgen into estrogen, and thus cause pronounced effects, deregulating all hormonal systems in humans and animals (Falone, 2007) . Brazilian legislation does not regulate the use of this hormone in fish farms and the results of scientific research are not sufficient to ban the use of this compound in the Brazilian fish farms.
Therefore, environmental remediation procedures of this contaminant are important in environmental control and the heterogeneous catalysts are important tools due to the increase in the speed and efficiency of reaction, with possible recovery of catalyst material.
Hydroxyapatite (HAP) exhibits catalytic activity with low cost, easy synthesis and no toxicity and it is more stable and less soluble to all phosphates, with the chemical formula Ca10(PO4)6(OH)2. It belongs to the apatite mineral group, which refers to a family of compounds that have similar structures, but which do not necessarily present the same composition and various synthetic methodologies can be applied to change the physicochemical properties (Yang et al., 2014; Cho et al., 2016) .
The phosphate and hydroxyl groups, along with calcium, are distributed spatially according to a hexagonal-shaped arrangement in the plane perpendicular to the axis of highest crystalline symmetry, in a unit cell with six PO4 2-groups with closed packing. This structure allows the hydroxyl groups to be removed with relative ease, generating empty channels Rev. Ambient. Água vol. 13 n. 1, e2103 -Taubaté 2018 between the hexagons, formed by calcium ions, in which other ions and molecules can be driven into the structure of the material.
Hydroxyapatite has absorption in the ultraviolet-visible region (200-340 nm), with a strong band below 247 nm. Significant changes in physical-chemical properties of hydroxyapatite with the introduction of metals may occur such as, for example, the incorporation of Cr 3 + or Fe 3+ . The Cr 3+ doped hydroxyapatite generates absorption bands with wavelengths in the range 231-315 nm, 318-542 nm and 579-800 nm. In turn, the Fe 3+ doped hydroxyapatite has the absorption region between 267 and 800 nm. By comparison, the photocatalyst titanium dioxide (TiO2) adsorbs between 419 and 268 nm (Araujo et al., 2010) .
This study analyzed the photodegradation in the ultraviolet-visible region of the hormone 17α-methyltestosterone using hydroxyapatite as a heterogeneous catalyst.
MATERIAL AND METHODS
All chemical reagents used in this study were of analytical grade. The water used for the preparation of solutions or dilution of samples was distilled and purified by reverse osmosis (ADAMO, 5 Mcm -1 water resistance at 25°C). The stock solution of MT was prepared from 0.0302 g pharmaceutical standard, with 100.3% purity, diluting in 1 mL ethanol (> 99.3%). For the study of degradation, we added 20 µL of the stock solution with Labmate micropipette (± 0.82%) to 50 mL MT of NaOH solution diluted in distilled water at pH 9.4. The standard MT was characterized by infrared spectroscopy and by ultraviolet-visible spectroscopy.
The spectrum in the infrared (IR) region of MT was retrieved from PerkinElmer equipment in the region between 700 and 4000 cm -1 , with a resolution of 2 cm -1 and eight successive scans, with KBr pellet dry at 105°C for 3 hours. Ultraviolet-visible spectrum was obtained at a wavelength between 190 and 700 nm in a Shimadzu spectrophotometer UV-1601 PC, double beam to MT diluted in ethanol at a concentration of 10 µg mL -1 . The hydroxyapatite was synthesized by two methodologies called conventional precipitation (CP) and homogeneous precipitation (HP) using urea, according to Souza et al. (2008) doping-free and doping with nickel (Ni) and copper (Cu) in concentrations of 0.01 mol L -1 , added to the Ca 2+ solutions during the synthesis, under mechanical stirring. Then, the precipitate was maintained under the same conditions of preparation for 24 hours for digestion. Then, it was vacuum-filtered through quantitative filter paper (80 g m -2 ) and rinsed with purified water and dried in an oven at 60.0 ± 1.0°C for 24 hours and the dust obtained was crushed in a mortar and stored in a clean bottle.
Photodegradation studies of MT were conducted on a chamber manufactured in laboratory with a low-pressure mercury lamp (200 W, Phillips), whose external bulb was removed for total exposure to radiation (from 250 to 600 nm), at a sample distance of 13.5 cm and working temperature of 35 ± 1°C. The solution containing 0.18 g mL -1 of different catalysts and MT at a concentration of 3.994 x 10 -5 mol L -1 was irradiated and samples were collected at pre-defined times with degradation monitoring in the UV-visible region, between 600 and 200 nm in a spectrophotometer Shimadzu UV 1601-PC, double beam. Before the spectrophotometric measurement, the solution was centrifuged at 3000 rpm for 10 minutes. After each reading, the sample was returned to the original bottle for further degradation.
In studies involving solar radiation, we built up a system consisting of a wooden board of dimensions 50 x 50 cm with brackets for glass tubes with caps (to filter out ultraviolet radiation and allow the passage of radiation only above 400 nm) on which were placed the samples in duplicate of each catalyst studied, with eventual stirring of the tubes. The board was exposed to solar radiation, directed to the Geographic North 24°43'23.1'' S and 53°45'7.4'' W at an altitude of 575 m, with an inclination of 50°, and data was obtained with a EtrexGarmin GPS accurate to 8 m. Aliquots of samples were taken with micropipettes at different irradiation periods without exceeding the volume of 10% of total volume and the degradation was monitored in the UV-visible spectrum with a Shimadzu spectrophotometer UV-1601 PC, double beam. Before the spectrophotometric measurement, the solution was centrifuged at 3000 rpm for 10 minutes. After each reading, the sample was returned to the original bottle for further degradation. Quartz cuvette was used with 10 mm optical path and the baseline was performed with NaOH solution in water (blank).
The photodegradation of MT with UV and solar radiation were carried out also with the catalyst titanium dioxide (TiO2) rutile powder, <5 μm particle size (Aldrich).
RESULTS AND DISCUSSION
The characterization of hydroxyapatite used in this study was presented by Lindino et al. (2016) . Figure 2 and Table 1 present the spectrum from the infrared region and the attributions of the bands observed for the characterization of MT. References: Silverstein et al. (2015) .
In the UV-visible region, MT has maximum absorption at 249 nm that corresponds to the enone group. Spectrophotometric profile typical of photodegradation of MT with radiation in the ultraviolet region, without a catalyst, is illustrated in Figure 3 , showing the decline in absorbance according to the irradiation time. Spectrophotometric profiles for ultraviolet irradiation in the presence of titanium dioxide catalyst, hydroxyapatites synthesized by two methods (CP and HP) and doped with nickel and copper were similar, with changes in speed of degradation with time, as can be seen in Table 2 .
Rev. Ambient. Água vol. 13 n. 1, e2103 -Taubaté 2018 Data show that the MT degradation efficiency was higher with HAP catalyst compared to TiO2, because the hydroxyapatite absorbs radiation in the ultraviolet region, whereas the titanium dioxide absorbs in the visible region. The data also showed that the HAP synthesis method and the different dopants influence the process of hormone degradation. Figure 4 show the degradation of MT over time, by normalization from the initial absorbance (A0), for the HAP synthesized by the two methods, without dopant. For comparison, the results for TiO2 and UV radiation are also presented. By analyzing the results, the degradation process follows zero-order kinetics, indicating that the degradation rate of MT is independent of the concentration of the substance. Table 3 lists the values of the decay constant of the absorbance, calculated from the slope of the line obtained in each test with the catalyst and the coefficient of determination of the curves (R 2 ). The HAP synthesized by the HP method has lower efficiency than the HAP synthesized by the CP method, mainly due to the lower surface area and smaller pore volume, according to sorption measurements (Lindino et al., 2016) .
The photocatalytic activity of HAP occurs because ultraviolet radiation causes an electronic transition from the valence band to the conduction band of hydroxyapatite, forming an electron-vacancy pair. The electrons in the conduction band are donated to the adsorbed O2 molecules in the material to generate O2
• . OH • radicals are formed on the surface of the material by electrons photoexcited from the hydroxyls present in the structure in the hydroxyapatite or by the reaction of radicals O2
•-with H + molecules in the solution (Nishikawa et al., 2013; Hsiao et al., 2014) .
These radicals oxidize organic material to various intermediate species and, subsequently, degrade up to simpler substances and CO2. The decomposition of organic material can also occur by reaction with the vacancies excited generated from the electronic transition.
A possible degradation mechanism of MT was proposed by Hu et al. (2012) and can be seen in Figure 5 . This mechanism was proposed by means of determination of degradation products by gas chromatography and mass spectrometry, as well as theoretical calculations and it was found that several paths of degradation may occur until complete mineralization. The authors used the system Fe3O4/carbon nanotubes/H2O2 in their studies.
According to these authors, the theoretical calculations have shown that the ketone group in the structure of the conjugated double bond in the molecule of MT is easily attacked by the hydroxyl radical OH  . Since the androgenic activity depends strictly on the structural specificity of the molecule, a small modification in the molecule can reduce the androgenic activity, i.e., the binding capacity of MT to androgenic receptors in living beings, reducing also the negative impact on ecosystems.
Rev. Ambient. Água vol. 13 n. 1, e2103 -Taubaté 2018 The same process of degradation of MT by means of a mechanism similar to that shown in Figure 5 can occur using solar radiation. Table 4 lists the results of the effect of solar radiation (period of 10 hours) on MT photodegradation, the effect with different masses used of the hydroxyapatite catalyst (conventional precipitation method) and the comparison with the TiO2 catalyst. In one sample, Fe (III) was added to the tube containing HAP (0.025 g) to evaluate its effect on MT degradation. The results show that the presence of heterogeneous catalysts increases the efficiency of degradation of MT, as the increase in mass of the HAP catalyst used increases the percentage of degradation over the same studied radiation period (10 hours). On the other hand, for the same mass used (0.005 g), TiO2 was more efficient than the HAP using solar radiation, since TiO2 absorbs radiation in wavelengths in the visible region and HAP absorbs radiation mainly in the ultraviolet region. As expected, the degradation efficiency with solar radiation is much lower compared with ultraviolet radiation, but the costs for implementation are lower and the manufacture of photodegradation system is simpler.
The inhibition of MT degradation in the presence of Fe (III), observed in the results in Table 4 is important, given its common presence in the aquatic environment, which was also investigated by Homklin et al. (2011) in biotransformation trials. According to these authors, MT and its degradation products with androgenic activity can potentially accumulate in sediments of fish farming ponds in the presence of iron (III), due to inhibition of microbial activity, an effect also observed in the presence of excess nitrate. In aerobic conditions and in conditions with the presence of sulfate, there is intense microbial activity that dramatically decreases the amount of MT in the sediment. This means that the presence of Fe (III) can stabilize the molecule of MT in sediment, and it can keep its androgenic activity, highlighting the importance of processes for remediation or degradation of MT in fish tanks.
CONCLUSIONS
The hormone 17α-methyltestosterone can be degraded through the heterogeneous catalyst hydroxyapatite in the presence of ultraviolet or solar radiation, allowing the reduction of its androgenic activity. The hydroxyapatite prepared by the conventional precipitation method, without doping, was the most efficient in the degradation process. The presence of Fe (III) in solution can inhibit the photodegradation of MT, a phenomenon that can occur in fish farming tanks.
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